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(57) An X-ray computed tomography apparatus

scans a subject to be examined with cone beam X-rays,

and generates reference volume data on the basis of
projection data (SA1). This apparatus extracts a cone
beam artifact component contained in the reference vol-

X-ray computed tomography apparatus, reconstruction processing apparatus and image

ume data on the basis of the typical shape and direction
of the cone beam artifact component (SA2, SA3, SA4,
SA5, and SA6). This apparatus generates resultant vol-
ume data with the reduced cone beam artifact by sub-
tracting the cone beam artifact component from the ref-
erence volume data (SA7).
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Description

[0001] The present invention relates to an X-ray com-
puted tomography apparatus which can perform cone
beam reconstruction, reconstruction processing appara-
tus, and image processing apparatus.

[0002] Thereis an X-ray computed tomography appa-
ratus (cone beam CT apparatus) which generates vol-
ume data by performing reconstruction of the projection
data acquired by scanning a subject to be examined with
cone beam X-rays. In cone beam CT, cone beam recon-
struction such as FDK reconstruction (Feldkamp recon-
struction) is useful.

[0003] Recently, with an increase in the number of el-
ement rows of an X-ray detector, the cone angle has
increased. Owing to the influence of the cone angle, cone
beam artifacts noticeably appear in the volume data gen-
erated on the basis of cone beam reconstruction.
[0004] CT scanning includes circular orbit scanning
and helical scanning. The following problems arise in the
respective scanning techniques.

(Circular Orbit Scanning)

[0005] Circular orbit scanning cannot acquire enough
projection data required to obtain a complete solution.
Line + Circle scanning is an application of circular orbit
scanning. Line + Circle scanning can acquire enough
projection data required to obtain a complete solution.
However, Line + Circle scanning requires additional
scanning. Additional scanning has the following problem.
That is, to satisfy the reconstruction principle, the state
of a subject in additional scanning needs to coincide with
that in main scanning before additional scanning. More
specifically, a change in contrast medium concentration
and the body movement of the subject must not occur
during main scanning and additional scanning. In prac-
tice, it is very difficult to satisfy this requirement. In addi-
tion, additional scanning complicates the workflow. Fur-
thermore, additional scanning increases the dose to the
subject.

(Helical Scanning)

[0006] Helical scanning can acquire enough projection
data required to obtain a complete solution. Owing to the
influence of the cone angle, however, noticeable cone
beam artifacts appear in the volume data generated by
directly performing cone beam reconstruction of the ac-
quired projection data. Using the reconstruction method
proposed by Alexander Katsevich in 2003 can obtain a
complete solution on the basis of the projection data ac-
quired by helical scanning. The reconstruction method
by Katsevich is however limited in terms of helical pitch.
[0007] Itis anobject of the presentinvention to provide
an X-ray computed tomography apparatus, reconstruc-
tion processing apparatus, and image processing appa-
ratus which can approximately reduce cone beam arti-
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facts.

[0008] According to a first aspect of the present inven-
tion, there is provided an X-ray computed tomography
apparatus comprising: a scanning unit which includes an
X-ray tube and an X-ray detector for scanning a subject
to be examined with cone beam X-rays; a reconstruction
unit which generates firstimage data on the basis of out-
put data from the canning unit; an extraction unit which
extracts a cone beam artifact component contained in
the first image data, on the basis of a typical shape and
typical direction of the cone beam artifact; and a subtrac-
tion unit which generates second image data with the
reduced cone beam artifact by subtracting the cone beam
artifact component from the first image data.

[0009] According to a second aspect of the present
invention, there is provided a reconstruction processing
apparatus comprising: a storage unit which stores pro-
jection data acquired by scanning a subject to be exam-
ined with cone beam X-rays; a reconstruction unit which
generates first image data on the basis of the projection
data; an extraction unit which extracts a cone beam ar-
tifact component contained in the generated first image
data on the basis of a typical shape and a typical direction
of the cone beam artifact; and a subtraction unit which
generates second image data with the reduced cone
beam artifact component by subtracting the extracted
cone beam artifact from the first image data.

[0010] According to a third aspect of the present in-
vention, there is provided animage processing apparatus
comprising: a storage unit which stores first image data
generated on the basis of projection data acquired by
scanning a subject to be examined with cone beam X-
rays; an extraction unit which extracts a cone beam ar-
tifact component contained in the first image data on the
basis of a typical shape and typical direction of the cone
beam artifact; and a subtraction unit which generates
second image data with the reduced cone beam artifact
component by subtracting the extracted cone beam ar-
tifact component from the first image data.

[0011] The invention can be more fully understood
from the following detailed description when takenin con-
junction with the accompanying drawings, in which:

FIG. 1 is a block diagram showing the arrangement
of an X-ray computed tomography apparatus ac-
cording to the first embodiment of the present inven-
tion;

FIG. 2 is a view showing the arrangement of an X-
ray detector in FIG. 1;

FIG. 3is aview showing cone beam artifacts accord-
ing to the first embodiment;

FIG. 4 is a flowchart showing the sequence of cone
beam artifact reduction processing A performed un-
der the control of a control unit in FIG. 1;

FIG. 5 is a flowchart showing the sequence of cone
beam artifact reduction processing B performed un-
der the control of the control unit in FIG. 2;

FIG. 6 is a block diagram showing the arrangement



3 EP 2 014 232 A2 4

of an X-ray computed tomography apparatus ac-
cording to the second embodiment of the present
invention;

FIG. 7 is a flowchart showing the sequence of cone
beam artifact reduction processing C performed un-
der the control of the control unit FIG. 6;

FIG. 8 is a graph showing an example of a weight
distribution for weighting performed by a weighting
processing unit in FIG. 6; and

FIG. 9 is a flowchart showing the sequence of cone
beam artifact reduction processing D performed un-
der the control of the control unit in FIG. 6.

[0012] An X-ray CT apparatus (X-ray computed tom-
ography apparatus), reconstruction processing appara-
tus, and image processing apparatus according to an
embodiment of the present invention will be described
below with reference to the views of the accompanying
drawing.

(First Embodiment)

[0013] FIG. 1is ablock diagram showing the arrange-
ment of an X-ray CT apparatus 1 according to the first
embodiment. Asshownin FIG. 1, the X-ray CT apparatus
1 comprises a gantry 10 and a computer device 20. The
gantry 10 rotationally supports an annular or disk-like ro-
tating frame 11. The rotating frame 11 has an X-ray tube
13 and an X-ray detector 14 which face each other
through a subject P to be examined to scan the subject
P. The rotating frame 11 continuously rotates at a pre-
determined angular velocity. In this case, the body axis
of the subject P is defined as a Z-axis, a vertical axis is
defined as a Y-axis, and an axis perpendicular to the Z-
and Y-axes is defined as an X-axis. Note that the subject
P is placed in an imaging area such that the body axis
(Z-axis) almost coincides with the major axis of a top 12.
[0014] The X-raytube 13 generates cone beam X-rays
upon receiving a high voltage from a high-voltage gen-
erator 15 and a filament current. The cone beam X-rays
are an X-ray beam having a large cone angle. This beam
generally has a quadrangular pyramid shape. As shown
in FIG. 2, the X-ray detector 14 detects the cone beam
X-rays generated from an X-ray focal point F of the X-
ray tube 13. The X-ray detector 14 has a plurality of X-
ray detection elements 14a densely distributed in both
the channel direction and the row direction. In other
words, the X-ray detector 14 has a plurality of X-ray de-
tection element rows 14R arrayed along the row direction
(Z-axis). Each X-ray detection element row 14R has the
plurality of X-ray detection elements 14a arrayed along
the channel direction. Assume that the number of X-ray
detection element rows of the X-ray detector 14 (the
number of X-ray detection element rows 14R) is 64 or
more. The spread angles of cone beam X-rays in the
channel direction and the row direction are respectively
called a fan angle y and a cone angle a.

[0015] The computer device 20 comprises a recon-
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struction processing apparatus 30, an image display de-
vice 22 which displays an image, and an input device 23
which inputs various instructions from a user to the com-
puter device 20. The reconstruction processing appara-
tus 30 includes a control unit 31 functioning as a central
unit, a data acquisition unit (DAS) 32, a preprocessing
unit 33, a reconstruction processing unit 34, a filter
processing unit 35, a subtraction processing unit 36, a
threshold processing unit 37, and a storage unit 38.
[0016] The data acquisition unit 32 converts a signal
corresponding to the intensity of transmitted X-rays out-
put from each channel of the X-ray detector 14 into a
digital signal. This digital signal is called raw data. The
preprocessing unit 33 preprocesses the raw data output
from the data acquisition unit 32 to convert the data into
projection data.

[0017] The reconstruction processing unit 34 gener-
ates image data by performing cone beam reconstruc-
tion, i.e., back projection processing, of the projection
data in consideration of the cone angle. This image data
may be multislice image data or volume data. For the
sake of a concrete description to be made below, assume
thatimage data in this embodiment is volume data. Cone
beam reconstruction is performed in consideration of the
cone angle of an X-ray path in the body axis direction (Z-
axis direction) of the subject P. As described above, the
number of element rows of the X-ray detector 14 is 64 or
more, and hence the cone angle is large. For this reason,
cone beam artifacts due to the large cone angle appear
in generated volume data. The details of cone beam ar-
tifacts will be described later.

[0018] The filter processing unit 35 performs filtering,
e.g., low-pass filtering of removing high-frequency com-
ponents or high-pass filtering of removing low-frequency
components, for projection data or volume data. It suf-
fices to perform filtering in either a real space or in a
frequency space. The filter processing unit 35 performs
filtering of various types of data with respect to the X-,
Y-, and Z-axes or planes defined by them. A concrete
example of filtering in a real space is moving average
processing of projection data, i.e., low-pass filtering in
the Z direction. The filter processing unit 35 also performs
Gauss filtering on an X-Y plane, i.e., low-pass filtering on
an X-Y plane.

[0019] The subtraction processing unit 36 performs
subtraction processing of volume data. The threshold
processing unit 37 performs threshold processing of vol-
ume data. The storage unit 38 stores projection data and
volume data.

[0020] The control unit 31 performs scanning using
cone beam X-rays by controlling the respective constit-
uent elements of the X-ray CT apparatus 1. The control
unit 31 also performs cone beam artifact reduction
processing of reducing cone beam artifact components
contained in volume data by controlling the respective
constituent elements of the reconstruction processing
apparatus 30. Note that in this embodiment, the type of
scanning orbit to be used is not specifically limited. That
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is, this embodiment can be applied to circular orbit scan-
ning in which the top 12 is not moved during scanning,
constant-velocity helical scanning in which the top 12 is
moved at a constant velocity during scanning under the
control of the control unit 31, and variable-velocity helical
scanning in which the velocity of the top 12 is changed.
[0021] Conebeam artifact reduction processing will be
described below. The typical shape and direction of a
cone beam artifact will be described first.

[0022] More specifically, a cone beam artifact notice-
ably appears in a sagittal section image of the backbone
(spinal column) of the subject. The backbone has verte-
brae and intervertebral disks alternately arrayed along
the body axis (Z-axis). A vertebra comprises a vertebral
arch and a centrum. An intervertebral arch has a semi-
annular shape. A centrum has a disk-like shape and is
thin along the body axis. A centrum has a linear shape
relative to a sagittal section. Since there is a steep CT
value gradient between a centrum and its surrounding
portion, a cone beam artifact appears from the centrum.
[0023] FIG.3isaviewshowing asagittal sectionimage
on which cone beam artifacts CA extending from the two
ends of a centrum CR. As shown in FIG. 3, the cone
beam artifacts CA are artifacts which are narrow in the
Z direction and wide in the X-Y direction. In other words,
the cone beam artifacts CA have steep CT value gradi-
ents in the Z direction and moderate CT value gradients
in the X-Y direction. That is, projection data and volume
data containing the cone beam artifacts CA have high-
frequency components in the Z direction.

[0024] Note that cone beam artifacts not only appear
from centra of the backbone but also appear noticeably
in edge components of linear regions of the lungs (e.g.,
vaculatures). That is, this embodiment can be applied to
projection data and volume data containing cone beam
artifact components. However, regions to be imaged are
not limited.

[0025] The operation of cone beam artifact reduction
processing of reducing cone beam artifact components
having the above typical shape and typical direction,
which is performed by the control unit 31, will be de-
scribed next. Cone beam artifact reduction processing
according to this embodiment roughly includes two types
of processing. First cone beam artifact reduction
processing A is a method of processing projection data
and volume data acquired by cone beam X-rays. Second
cone beam artifact reduction processing B is a method
of processing only volume data without processing any
projection data.

[0026] The operation of the first cone beam artifact re-
duction processing A will be described first with reference
to FIG. 4. First of all, projection data is acquired by scan-
ning with cone beam X-rays having a large cone angle
under the control of the control unit 31. The projection
data is temporarily stored in the storage unit 38. Upon
receiving a request to start processing A from the user
via the input device 23 or automatically after the acqui-
sition of the projection data, the control unit 31 starts
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processing A.

[0027] Upon starting processing A, the control unit 31
sends the projection data to the reconstruction process-
ing unit 34 and causes it to perform first reconstruction.
In the first reconstruction, the reconstruction processing
unit 34 generates volume data (to be referred to as ref-
erence volume data hereinafter) by cone beam recon-
struction (step SA1). More specifically, FDK reconstruc-
tionis used as cone beam reconstruction. Reference vol-
ume data contains cone beam artifact components in ad-
dition to the living body components of the subject P.
[0028] The control unit 31 also causes the filter
processing unit 35 to perform first low-pass filtering in-
dependently of step SAL. In the first low-pass filtering,
the filter processing unit 35 performs low-pass filtering
(typically, moving average processing) for the projection
data in the Z direction (row direction/body axis direction)
to remove high-frequency components from the projec-
tion data in the Z direction (step SA2). More specifically,
the filter processing unit 35 extracts projection data on a
projection path along the Z-axis. The filter processing
unit 35 performs low-pass filtering for the extracted pro-
jection data in the Z direction.

[0029] After the first low-pass filtering processing, the
control unit 31 causes the reconstruction processing unit
34 to perform the second reconstruction. In the second
reconstruction, the reconstruction processing unit 34
generates volume data (to be referred to as first interme-
diate volume data hereinafter) by performing cone beam
reconstruction of the projection data having undergone
the low-pass filtering in the Z direction (step SA3). The
intermediate volume data is volume data with the CT val-
ue gradients of cone beam artifact components and living
body components in the Z direction being suppressed
(blurred). The intermediate volume data is stored in the
storage unit 38.

[0030] When the reference volume data and the first
intermediate volume data are generated, the control unit
31 causes the subtraction processing unit 36 to perform
first subtraction processing. In the first subtraction
processing, the subtraction processing unit 36 generates
difference volume data by subtracting the first interme-
diate volume data from the reference volume data (step
SA4). The difference volume data comprises an edge
component in the Z direction (a component having a
steep CT value gradient). More specifically, an edge
component in the Z direction is an edge component of a
cone beam artifact, an edge component between living
body tissues, or noise in the Z direction. Note that in sub-
traction processing, it suffices to adjust the degree of
subtraction by multiplying the reference volume data and
the first intermediate volume data by weighting factors.
The difference volume data is stored in the storage unit
38.

[0031] Afterthefirst subtraction processing, the control
unit 31 causes the threshold processing unit 37 to per-
form threshold processing. In the threshold processing,
the threshold processing unit 37 performs threshold
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processing for the difference volume data by using the
CT value of a cone beam artifact component as a thresh-
old (step SA5). With the threshold processing, a compo-
nent having a CT value equal to that of the cone beam
artifact is left in the difference volume data.

[0032] More specifically, first of all, the threshold
processing unit 37 sets the range of CT values which
cone beam artifacts have (e.g., the range between the
maximum and minimum CT values of cone beam artifact
components). The CT values of most living body com-
ponentsfall outside the set CT value range. The threshold
processing unit 37 replaces CT values falling outside the
set CT value range by zero values. The difference volume
data after the threshold processing has a steep CT value
gradientin the Z direction and contains a component hav-
ing a CT value equal to that of a cone beam artifact com-
ponent. In other words, the difference volume data has
an edge component in the Z direction which has a CT
value equal to that of a cone beam artifact component.
Note that a CT value range can be set before threshold
processing.

[0033] After the threshold processing, the control unit
31 causes the filter processing unit 35 to perform the
second low-pass filtering. In the second low-pass filter-
ing, the filter processing unit 35 performs low-pass filter-
ing (more specifically, two-dimensional Gaussian filter-
ing) for the difference volume data in the X-Y plane after
the threshold processing (step SA6). The difference vol-
ume data having undergone the low-pass filtering in the
X-Y plane will be referred to as false image component
volume data. The low-pass filtering in the X-Y plane sup-
presses (blurs) a component which is contained in the
difference volume data and has asteep CT value gradient
in the X-Y plane. A cone beam artifact component has a
spread inthe X-Y plane. For this reason, even if low-pass
filtering is performed for a cone beam artifact component
in the X-Y plane, only the CT value gradients of edge
components of a cone beam artifact and living body com-
ponentin the X-Y plane are suppressed. Therefore, after
the low-pass filtering in the X-Y plane, most of cone beam
artifact components are left without being suppressed.
That is, the false image component volume data is the
difference volume data from which cone beam artifact
components have been extracted by suppressing living
body components. The false image component volume
data is stored in the storage unit 38.

[0034] After the second low-pass filtering, the control
unit 31 causes the subtraction processing unit 36 to per-
form the second subtraction processing. In the second
subtraction processing, the subtraction processing unit
36 generates volume data (to be referred to as the first
resultant volume data hereinafter) by subtracting the
false image volume data from the reference volume data
(step SA7). As described above, reference volume data
contains cone beam artifact components and living body
components. False image component volume data con-
tains no living body components but contains cone beam
artifact components. Therefore, the first resultant volume
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data is volume data in which cone beam artifact compo-
nents are reduced. The generated first resultant volume
data is output.

[0035] With the above operation, the cone beam arti-
fact reduction processing A is terminated. In the cone
beam artifact reduction processing A, the X-ray CT ap-
paratus 1 generates the first resultant volume data with
reduced cone beam artifact components by subtracting
the falseimage componentvolume data comprising cone
beam artifact components from the reference volume da-
ta containing the cone beam artifact components.
Processing A requires no additional scanning unlike Line
+ Circle scanning. In addition, this processing neither re-
quires complicated calculation nor has any limitation in
terms of helical pitch unlike the reconstruction method
by Katsevich. Processing A can therefore approximately
reduce cone beam artifact components regardless of the
scanning orbit.

[0036] The operation of the cone beam artifact reduc-
tion processing B will be described next with reference
to FIG. 5. Projection data is acquired by scanning with
cone beam X-rays having a large cone angle. Upon re-
ceiving a request to start processing B from the user via
the input device 23 or automatically, the control unit 31
starts processing B. When processing B starts, the con-
trol unit 31 sends the acquired projection data to the re-
construction processing unit 34 and causes it to perform
cone beam reconstruction. In the cone beam reconstruc-
tion, the reconstruction processing unit 34 generates ref-
erence volume data (step SB1). The generated reference
volume data is stored in the storage unit 38.

[0037] After FDK reconstruction, the control unit 31
causes the filter processing unit 35 to perform high-pass
filtering. In the high-pass filtering, the filter processing
unit 35 generates volume data (to be referred to as the
second intermediate volume data hereinafter) with en-
hanced CT value gradient components in the Z direction,
which are contained in cone beam artifact components
and living body components contained in the reference
volume data, by performing high-pass filtering for the ref-
erence volume data in the Z direction. That s, the second
intermediate volume data contains edge components of
cone beam artifacts, edge components between living
body tissues, noise, and the like in the Z direction. Note
that in this processing, high-pass filtering is performed in
the Z direction, but this operation can be replaced by
another method. For example, it is possible to obtain the
same result as that described above by performing low-
pass filtering for reference volume data in the Z direction
and subtracting the reference volume data having under-
gone low-passfiltering from the original reference volume
data. The second intermediate volume data is stored in
the storage unit 38.

[0038] After the high-pass filtering, the control unit 31
causes the threshold processing unit 37 to perform
threshold processing. In the threshold processing, the
threshold processing unit 37 performs threshold process-
ing for the second intermediate volume data by using the
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CT value of a cone beam artifact component as a thresh-
old (step SB3). After the threshold processing, the sec-
ond intermediate volume data contains a component
having a steep CT value gradient in the Z direction and
a CT value equal to that of a cone beam artifact compo-
nent. In other words, the second intermediate volume
data has an edge componentin the Z direction which has
a CT value equal to that of a cone beam artifact compo-
nent.

[0039] After the threshold processing, the control unit
31 causes the filter processing unit 35 to perform low-
pass filtering. In the low-pass filtering, the filter process-
ing unit 35 performs low-pass filtering (more specifically,
two-dimensional Gaussian filtering) for the second inter-
mediate volume data in the X-Y plane after the threshold
processing (step SB4). After the low-pass filtering in the
X-Y plane, false image component volume data is gen-
erated. Performing low-pass filtering in the X-Y plane
suppresses components which are contained in the sec-
ond intermediate volume data and have steep CT value
gradients in the X-Y plane. The false image component
volume data is volume data with cone beam artifact com-
ponents enhanced by suppressing living body compo-
nents in the second intermediate volume data. The false
image component volume data is stored in the storage
unit 38.

[0040] After the low-pass filtering, the control unit 31
causes the subtraction processing unit 36 to perform sub-
traction processing. In the subtraction processing, the
subtraction processing unit 36 generates second result-
ant volume data by subtracting the false image compo-
nent volume data from the reference volume data (step
SB5). The second resultant volume data is volume data
with reduced cone beam artifact components. The sec-
ond resultant volume data is output.

[0041] The cone beam artifact reduction processing B
can reduce cone beam artifact components contained in
volume data by processing only the volume data gener-
ated by reconstruction. In addition, as compared with the
cone beam artifact reduction processing A, processing
B shortens the time required for processing for reducing
cone beam artifacts because of a smaller number oftimes
of reconstruction.

[0042] The first embodiment can therefore approxi-
mately reduce cone beam artifacts. In addition, since the
processing in this method is relatively simple, cone beam
artifacts can be reduced in a short processing time.
[0043] Note that the first embodiment is not limited to
the above arrangement. This embodiment can be imple-
mented by an image.processing apparatus 40 compris-
ing a control unit 31 functioning as a central unit, a filter
processing unit 35, a subtraction processing unit 36, a
threshold processing unit 37, and a storage unit 38. In
this case, the storage unit 38 stores the reference volume
data, difference volume data, and second intermediate
volume data generated by the X-ray CT apparatus 1, the
reconstruction processing apparatus 30, and the like. For
example, the control unit 31 controls the respective con-
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stituent elements of the image processing apparatus 40
to perform steps SB2 to SB5 in the cone beam artifact
reduction processing B. As a result, volume data with
reduced cone beam artifacts are generated by perform-
ing only simple image processing for the reference vol-
ume data containing cone beam artifacts, e.g., filter

processing, threshold processing, or subtraction
processing.
[0044] The order of the respective steps in the cone

beam artifact reduction processing A and B is not limited
to that described above. For example, steps SA5 and
SAG6 or steps SB3 and SB4 can be interchanged. In step
SA2, low-pass filtering is performed for projection data
in the Z direction. However, it suffices to generate differ-
ence volume data by performing low-pass filtering for ref-
erence volume data in the Z direction and subtracting the
unprocessed reference volume data from the reference
volume data having undergone the low-pass filtering in
the Z direction. In this case, no processing other than
cone beam reconstruction is performed for projection da-
ta, and only volume data is processed.

[0045] Although the precision in extracting cone beam
artifact components deteriorates, it suffices to omit the
threshold processing in step SA5 or step SB3 in order to
shorten the processing time. In addition, it suffices to use
the outputin step SA4 in FIG. 4 as an artifact component
and omit the processing in step SA5 or step SA6.

(Second Embodiment)

[0046] In principle, cone beam artifacts gradually de-
crease in intensity toward the middle element row of an
X-ray detector 14, at which the cone angle is small, and
gradually increase toward the end element rows of the
X-ray detector 14, at which the cone angle is large. An
X-ray CT apparatus according to the second embodiment
uses this characteristic to improve the cone beam artifact
reduction precision, thereby improving the image quality
of resultant volume data.

[0047] The X-ray CT apparatus according to the sec-
ond embodiment will be described below. Note that the
same reference numbers denote constituent elements
having substantially the same functions as in the first
embodiment, and a repetitive description will be made
only when required.

[0048] FIG. 6is a block diagram showing the arrange-
ment of an X-ray CT apparatus 50 according to the sec-
ond embodiment of the present invention. As shown in
FIG. 6, the X-ray CT apparatus 50 comprises a gantry
10 and a computer device 60. The computer device 60
comprises a reconstruction processing apparatus 70, an
image display device 22 which displays an image, and
an input device 23 which inputs various instructions from
a user to the computer device 60. The reconstruction
processing apparatus 70 includes a control unit 31 func-
tioning as a central unit, a data acquisition unit (DAS) 32,
a preprocessing unit 33, a reconstruction processing unit
34, a filter processing unit 35, a difference processing
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unit 36, a threshold processing unit 37, a storage unit 38,
and a weighting processing unit 39.

[0049] The weighting processing unit 39 performs
weighting with the distribution of weights changing in ac-
cordance with positions in the Z direction for extracted
cone beam artifact components.

[0050] The operation of cone beam artifact reduction
processing according to the second embodiment which
is performed by the control unit 31 will be described be-
low. The cone beam artifact reduction processing accord-
ing tothe second embodiment roughly includes two types
of processing. First cone beam artifact reduction
processing C is performed for projection data acquired
by cone beam X-rays and volume data. Second cone
beam artifact reduction processing D is performed for
only volume data but is not performed for projection data.
[0051] Cone beam artifact reduction processing C will
be described first. FIG. 7 is a flowchart showing the se-
guence of the cone beam artifact reduction processing
C. First of all, projection data is acquired by scanning
with cone beam X-rays having a large cone angle under
the control of the control unit 31. The projection data is
temporarily stored in the storage unit 38. Upon receiving
arequestto start processing C from the user via the input
device 23 or automatically after the acquisition of the pro-
jection data, the control unit 31 starts processing C.
[0052] Upon starting processing C, the control unit 31
sends the projection data to the reconstruction process-
ing unit 34 and causes it to perform first reconstruction.
In the first reconstruction, the reconstruction processing
unit 34 generates reference volume data by cone beam
reconstruction (e.g., FDK reconstruction) (step SC1).
[0053] The control unit 31 also causes the filter
processing unit 35 to perform first low-pass filtering in-
dependently of step SC1. In the first low-pass filtering,
the filter processing unit 35 performs low-pass filtering
(typically, moving average processing) for the projection
data in the Z direction (column direction/body axis direc-
tion) to remove high-frequency components in the Z di-
rection from the projection data (step SC2).

[0054] After the first low-pass filtering processing, the
control unit 31 causes the reconstruction processing unit
34 to perform the second reconstruction. In the second
reconstruction, the reconstruction processing unit 34
generates first intermediate volume data by performing
cone beam reconstruction of the projection data having
undergone the low-pass filtering in the Z direction (step
SC3). The first intermediate volume data is stored in the
storage unit 38.

[0055] When the reference volume data and the first
intermediate volume data are generated, the control unit
31 causes the subtraction processing unit 36 to perform
first subtraction processing. In the first subtraction
processing, the subtraction processing unit 36 generates
difference volume data by subtracting the first interme-
diate volume data from the reference volume data (step
SC4). The difference volume data is stored in the storage
unit 38.
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[0056] After the first difference processing, the control
unit 31 causes the threshold processing unit 37 to per-
form threshold processing. In the threshold processing,
the threshold processing unit 37 performs threshold
processing for the difference volume data by using the
CT value of a cone beam artifact component as a thresh-
old (step SC5).

[0057] After the threshold processing, the control unit
31 causes the filter processing unit 35 to perform the
second low-pass filtering. In the second low-pass filter-
ing, the filter processing unit 35 generates false image
component volume data by performing low-pass filtering
(more specifically, two-dimensional Gaussian filtering)
for the difference volume data in the X-Y plane after the
threshold processing (step SC6). The false image com-
ponent volume data is stored in the storage unit 38.
[0058] After the second low-pass filtering, the control
unit 31 causes the weighting processing unit 39 to per-
form weighting. In the weighting, the weighting process-
ing unit 39 performs, for the false image component vol-
ume data, weighting with weights changing in accord-
ance with positions on the volume data in the Z direction
(positions in the row direction of the X-ray detector 14)
(step SC7). More specifically, the gradient of the weight-
ing distribution gradually increases from the center in the
Z direction (the middle element row of the X-ray detector
14, with asmall cone angle) to the edges (the end element
rows of the X-ray detector 14, with a large cone angle).
With this weighting, the distribution of cone beam artifact
components in the false image component volume data
becomes similar to the distribution of actual cone beam
artifact components.

[0059] FIG. 8 is a graph showing an example of a
weighting distribution. As shown in FIG. 8, weights line-
arly decrease from the edges to the center along the Z-
axis. For example, the weight at the edge is 1.0. That is,
the CT value of the cone beam artifact component at the
edge is not changed. In contrast, the weight at the center
is 0. That s, the CT value of the cone beam artifact com-
ponentat the center becomes zero. Although the weights
decrease linearly in the above case, the weights may
change in the form of a curve. For example, as an exam-
ple of a change in the form of a curve, a change in the
form of a sigmoid curve is conceivable. That is, the
weights change in the form of the letter S from the edges
to the center.

[0060] After the weighting, the control unit 31 causes
the second subtraction processing unit 36 to perform sub-
traction processing. In the second subtraction process-
ing, the subtraction processing unit 36 generates third
resultant volume data by subtracting the false image
component volume data having undergone weighting
from the reference volume data (step SC8). The third
resultant volume data is obtained in consideration of a
cone beam artifact component characteristic that gener-
ated components gradually decrease in intensity from
the edges to the center in the Z direction. Therefore, ex-
cessive correction of cone beam artifact components
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which tends to occur at the center of the first or second
resultant volume data does not easily occur in the third
resultant volume data. That is, the third resultant volume
data is higher in image quality at the center than the first
resultant volume data and the second resultant volume
data.

[0061] Note thatthe execution order of weighting is not
limited to that described above. For example, this
processing can be performed before step SC5 or step
SC6.

[0062] The cone beam artifact reduction processing D
will be described next. FIG. 9 is a flowchart showing the
sequence of the cone beam artifact reduction processing
D.

[0063] Projection data is acquired by scanning with
cone beam X-rays having a large cone angle. Upon re-
ceiving a request to start processing D from the user via
the input device 23 or automatically, the control unit 31
starts processing D. When processing D starts, the con-
trol unit 31 sends the acquired projection data to the re-
construction processing unit 34 and causes it to perform
cone beam reconstruction. In the cone beam reconstruc-
tion, the reconstruction processing unit 34 generates ref-
erence volume data (step SD1). The generated reference
volume data is stored in the storage unit 38.

[0064] After cone beam reconstruction, the control unit
31 causes the filter processing unit 35 to perform high-
pass filtering. In the high-pass filtering, the filter process-
ing unit 35 generates second intermediate volume data
with enhanced CT value gradient components in the Z
direction, which are contained in cone beam artifact com-
ponents and living body components contained in the
reference volume data, by performing high-pass filtering
for the reference volume data in the Z direction (step
SD2). The second intermediate volume data is stored in
the storage unit 38.

[0065] After the high-pass filtering, the control unit 31
causes the threshold processing unit 37 to perform
threshold processing. In the threshold processing, the
threshold processing unit 37 performs threshold process-
ing for the second intermediate volume data by using the
CT value of a cone beam artifact component as a thresh-
old (step SD3). With the threshold processing, a compo-
nent having a steep CT value gradient in the Z direction
and a CT value equal to that of a cone beam artifact
component is left in the second intermediate volume da-
ta.

[0066] After the threshold processing, the control unit
31 causes the filter processing unit 35 to perform low-
pass filtering. In the low-pass filtering, the filter process-
ing unit 35 performs low-pass filtering (more specifically,
two-dimensional Gaussian filtering) for the second inter-
mediate volume data in the X-Y plane after the threshold
processing (step SD4). With the low-pass filtering in the
X-Y plane, false image component volume data is gen-
erated. The falseimage componentvolume data s stored
in the storage unit 38.

[0067] After the low-pass filtering, the control unit 31
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causes the weighting processing unit 39 to perform
weighting. In the weighting, the weighting processing unit
39 performs, for the false image component volume data,
weighting with weights changing in accordance with po-
sitions on the volume data in the Z direction (step SD5).
[0068] After the weighting, the control unit 31 causes
the subtraction processing unit 36 to perform subtraction
processing. In the subtraction processing, the subtrac-
tion processing unit 36 generates fourth resultant volume
data by subtracting the false image component volume
data having undergone weighting from the reference vol-
ume data (step SD6).

[0069] According to the cone beam artifact reduction
processing D, processing only the volume data generat-
ed by reconstruction can reduce cone beam artifact com-
ponents contained in the volume data in consideration
of the cone beam artifact characteristic that the generat-
ed artifacts gradually decrease in intensity from the edg-
es to the center in the Z direction.

[0070] The second embodiment therefore can approx-
imately reduce cone beam artifacts.

[0071] Note that the second embodiment is not limited
to the above arrangement. This embodiment can also be
implemented by animage processing apparatus 80 com-
prising a control unit 31 functioning as a central unit, a
filter processing unit 35, a subtraction processing unit 36,
a threshold processing unit 37, a storage unit 38, and a
weighting processing unit 39. In this case, the storage
unit 38 stores the reference volume data, difference vol-
ume data, and second intermediate volume data gener-
ated by the X-ray CT apparatus 50, the reconstruction
processing apparatus 70, and the like. For example, the
control unit 31 controls the respective constituent ele-
ments of the image processing apparatus 80 to perform
steps SD2 to SD6 in the cone beam artifact reduction
processing D. As aresult, volume data with reduced cone
beam artifacts are generated by performing only simple
image processing for the reference volume data contain-
ing cone beam artifacts, e.g., filter processing, threshold

processing, subtraction processing, and weighting
processing.
[0072] Itis explicitly stated that all features disclosed

in the description and/or the claims are intended to be
disclosed separately and independently from each other
for the purpose of original disclosure as well as for the
purpose of restricting the claimed invention independent
of the composition of the features in the embodiments
and/or the claims. Itis explicitly stated that all value rang-
es or indications of groups of entities disclose every pos-
sible intermediate value or intermediate entity for the pur-
pose of original disclosure as well as for the purpose of
restricting the claimed invention, in particular as limits of
value ranges.

Claims

1. An X-ray computed tomography apparatus charac-
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terized by comprising:

a scanning unit (10) which includes an X-ray
tube (13) and an X-ray detector (14) for scanning
a subject to be examined with cone beam X-
rays;

a reconstruction unit (34) adapted to generate
firstimage data on the basis of output data from
the scanning unit (10);

an extraction unit (34, 35, 36, 37) adapted to
extract a cone beam artifact component con-
tained in the first image data, on the basis of a
typical shape and typical direction of the cone
beam artifact; and

a subtraction unit (36) adapted to generate sec-
ond image data with the reduced cone beam
artifact by subtracting the cone beam artifact
component from the first image data.

The apparatus according to claim 1, characterized
in that the reconstruction unit (34) is adapted to gen-
erate the first image data by performing Feldkamp
reconstruction of the output data.

The apparatus according to claim 1 or 2, character-
ized in that the extraction unit (35) is adapted to
extract the cone beam artifact component by per-
forming filtering for at least one of the output data
and the first image data.

The apparatus according to claim 1 or 2, character-
ized in that the extraction unit (35, 36) is adapted
to generate third image data comprising an edge
component in a body axis direction of the subject as
the cone beam artifact component on the basis of at
least one of the output data and the firstimage data.

The apparatus according to claim 4, characterized
in that the extraction unit (35, 36) is adapted to per-
form low-pass filtering for the output data in the body
axis direction, to generate fourth image data on the
basis of output data having undergone low-pass fil-
tering in the body axis direction, and to generate the
third image data by subtracting the generated fourth
image data from the first image data.

The apparatus according to claim 4 or 5, character-
ized in that the extraction unit (35) is adapted to
generate the third image data by performing high-
pass filtering for the first image data in the body axis
direction.

The apparatus according to any of claims 1 to 6,
characterized in that the extraction unit (35) is
adapted to extractthe cone beam artifact component
by suppressing an edge component in a plane sub-
stantially perpendicular to the body axis direction
which is contained in third image data comprising
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10.

11.

12.

13.

16

the edge component in the body axis direction of the
subject, and/or by performing low-pass filtering in a
plane substantially perpendicular to the body axis
direction of the subject for third image data compris-
ing an edge component in the body axis direction of
the subject.

The apparatus according to any of claims 1 to 6,
characterized in that the extraction unit (37) is
adapted to extract the cone beam artifact component
by removing a living body component contained in
third image data comprising an edge component in
the body axis direction of the subject, and/or by per-
forming threshold processing for third image data
comprising an edge component in the body axis di-
rection of the subject on the basis of a pixel value
which the cone beam artifact component has.

The apparatus according to any of claims 1 to 6,
characterized in that the extraction unit (34, 35, 36)
is adapted to perform low-pass filtering for the output
data in the body axis direction of the subject, to gen-
erate fourth image data on the basis of the output
data having undergone low-pass filtering in the body
axis direction, to generate the third image data by
subtracting the generated fourth image data from the
firstimage data, and to extract the cone beam artifact
component by performing low-pass filtering in a
plane substantially perpendicular to the body axis
direction for the generated third image data.

The apparatus according to any of claims 1 to 6,
characterized in that the extraction unit (35, 36) is
adapted to generate fourthimage data by performing
high-pass filtering for the firstimage data in the body
axis direction of the subject, to generate the third
image data by subtracting the generated fourth im-
age data from the firstimage data, and to extract the
cone beam artifact component by performing low-
pass filtering in a plane substantially perpendicular
to the body axis direction for the generated third im-
age data.

The apparatus according to any of claims 1 to 10,
characterized by further comprising a weighting
processing unit (39) adapted to perform weighting
with a distribution of weights changing in accordance
with positions in the body axis direction for the cone
beam artifact component.

The apparatus accordingto claim 11, characterized
in that the weighting processing unit (39) is adapted
to perform the weighting with the distribution of
weights gradually increasing from a center to edges
in the body axis direction.

The apparatus according to any of claims 1 to 12,
characterized in that the X-ray detector (14) in-
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cludes notless than 64 X-ray detection element rows
(14R) arrayed along the body axis direction of the
subject.

14. A reconstruction processing apparatus character- 5
ized by comprising:

a storage unit (38) adapted to store projection
data acquired by scanning a subject to be ex-
amined with cone beam X-rays; 10
a reconstruction unit (34) adapted to generate

first image data on the basis of the projection
data;

an extraction unit (34, 35, 36, 37) adapted to
extract a cone beam artifact component con- 15
tained in the generated first image data on the
basis of a typical shape and a typical direction

of the cone beam artifact; and

a subtraction unit (36) adapted to generate sec-

ond image data with the reduced cone beam 20
artifact component by subtracting the extracted
cone beam artifact from the first image data.

15. An image processing apparatus characterized by
comprising: 25

a storage unit (38) adapted to store first image
data generated on the basis of projection data
acquired by scanning a subject to be examined
with cone beam X-rays; 30
an extraction unit (35, 36, 37) adapted to extract
a cone beam artifact component contained in
the first image data on the basis of a typical
shape and typical direction of the cone beam
artifact; and 35
a subtraction unit (36) adapted to generate sec-
ond image data with the reduced cone beam
artifact component by subtracting the extracted
cone beam artifact component from the firstim-
age data. 40
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50
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